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Methodological studies in the ﬁeld of biomarker measure-
ments from exhaled breath condensate (EBC) are of great
importance.1 Therefore, we read the work of Prieto et al.2
with high interest. They had demonstrated that the choice
of collection device and storage of samples inﬂuenced EBC
pH. While agreeing fully with their results and conclusions,
we would like to comment on their methods and discussion
in light of some recently published results.3
Prieto et al. assume that CO2 is a confounder of EBC pH,
yet they have not attempted to follow its level in their
study. If they have done so, they would have noticed that
diffusion of CO2 from EBC upon argon deaeration not only
explains the higher pH of deaerated samples as compared to
neat ones but also explains the higher pH of frozen samples. By
using a blood gas analyser we had compared the pH and CO2 of
12 EBC samples collected by R-Tube (Respiratory Research,
Inc., Charlottesville, VA, USA) before and after storage at
80 1C. The increase of EBC pH from 6.3570.31 to 6.5970.32
(po0.0004) was accompanied by a decrease of CO2 level from
2.2370.80 to 1.2870.63kPa (po0.0003). Importantly, even
prolonged storage at this temperature could not completely
remove CO2 from the samples. This phenomenon may explain
why in the study of Prieto et al. freezing has not signiﬁcantly
affected the pH of deaerated samples.
Interestingly, the partial pressure of CO2 in neat EBC
samples falls between that of physiologic alveolar CO2
(5.33 kPa) and ambient air CO2 (0.5 kPa). The longer the
sample is left on ambient air, the more CO2 diffuses from it.
The periods of freezing and thawing may also be responsible
for the loss of CO2.
To eliminate the disturbing effect of CO2 on EBC pH,
instead of measuring EBC pH directly or after deaeration, we
have proposed the determination of a CO2-standardised EBC
pH.3 Brieﬂy, the pH and CO2 of EBC samples are measured
simultaneously by a blood gas analyser. This procedure is
repeated 5 times for each sample such that the CO2
concentration is gradually increased (by bubbling CO2 gas
through samples) between each measurement. A pH–CO2
plot is then created from the results. The pH at 5.33 kPa CO2
partial pressure is calculated using the logarithmic regres-
sion equity obtained from the plot. This standardised pH
determination is 6 times more reproducible than the directont matter & 2007 Elsevier Ltd. All rights reserved.
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ticle: 10.1016/j.rmed.2007.02.023measurements (as indicated by Bland–Altman tests) and is
the only pH reading to date that overcomes the confounding
effect of the variable partial pressure of CO2.
Using the above protocol, the standardised EBC pH was
5.99170.22 when measured immediately after collection and
5.99970.22 after 8 weeks of storage at 80 1C. Not only the
means were almost identical, but the limits of agreement were
low as well (0.13), while the limits of agreement for the direct
measurement were more than four times higher (0.57).
Although the standardisation procedure outlined above
signiﬁcantly improves the reliability of EBC pH measure-
ments, it still does not explain the observed pH difference
between samples collected by different collecting de-
vices.2,4–6 Further work is required to determine the
underlying mechanisms determining EBC pH and the levels
of other biomarkers.
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